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Introduction
Chronic obstructive pulmonary disease (COPD) is currently ranked as the tenth highest cause of death in Japan, and its prevalence is increasing. 1 COPD is underrecognized in Japan, and data suggest its prevalence is also underestimated. [2] [3] [4] [5] COPD is considered a multicomponent disease, involving both pulmonary and systemic inflammation. of exacerbations. 1 Bronchodilators, such as long-acting beta-agonists (LABA) or long-acting muscarinic antagonists, used as monotherapy, do not always meet the COPD management goals, and patients often remain symptomatic. 2 SFC, a combination of the LABA, salmeterol, and the inhaled corticosteroid fluticasone propionate (FP), provides greater relief of COPD symptoms and is more effective than salmeterol at reducing the exacerbation rate. 8, 9 SFC is recommended for group C and group D patients. 1, 7 In Japan, Australia, and the United States, SFC 250, containing salmeterol 50 mcg and FP 250 mcg, is approved for COPD. However, evidence of the anti-inflammatory effects of SFC in COPD has mainly come from studies using SFC 500 (salmeterol 50 mcg and FP 500 mcg) in a Western population. [10] [11] [12] Studies have been conducted with SFC 250 in COPD, 8, [13] [14] [15] [16] but only one study with SFC 250 has been conducted in Japanese COPD patients, 9 and none have measured anti-inflammatory effects.
Furthermore, spirometry, the recommended physiological measurement used in COPD diagnosis, does not provide information on underlying disease. 17, 18 However, measuring mediators of inflammation in COPD assesses pulmonary and systemic inflammatory processes, 17 provides the potential for detecting early signals of efficacy, 19 and generates information on whether inflammation is suppressed following pharmacological intervention. [17] [18] [19] Neutrophils are the predominant cells in pulmonary inflammation, 20 and their increased number in sputum is a characteristic of COPD. 21 By measuring sputum and serum inflammation biomarkers, the anti-inflammatory effects of SFC 250 compared with placebo were evaluated in a Japanese COPD population. This is the first study to investigate the anti-inflammatory effects of SFC 250 in this context and population.
Material and methods Subjects
Japanese men and women, aged 40 to 80 years (inclusive), who were current or ex-smokers (pack history 10 pack years), with a diagnosis of COPD, 1, 7 with postbronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) ratio 0.70, and FEV 1 40% and 80% of predicted normal (15-60 minutes post-Saltanol ® ) were eligible. Women were of nonchildbearing potential, ie, postmenopausal, surgically sterile, or of childbearing potential using protocol-specified contraceptive measures. Subjects were excluded if they had a diagnosis of bronchial asthma, chronic respiratory failure, or any respiratory disorder other than COPD; had undergone lung volume reduction, lung transplant, or had a chest X-ray (or computed tomography scan) indicating a diagnosis other than COPD within 6 months prior to screening; had a COPD exacerbation or respiratory infection requiring systemic corticosteroid, antimicrobial therapy, or hospitalization within 6 weeks prior to screening; or had significant abnormalities in electrocardiogram, vital signs, and clinical laboratory tests at screening.
Written informed consent was obtained prior to any study procedures. The study was conducted in accordance with the ethical principles of the Declaration of Helsinki and approved by the institutional review board (IRB) of the participating centers.
Study design
This was a randomized, double-blind, placebo-controlled, parallel group study (Clinicaltrials.gov identifier: NCT01607398) conducted between May 16, 2012 and July 10, 2013 at three sites in Japan. It comprised a screening visit scheduled 4 weeks prior to the first dose, which was administered at baseline. Treatment was administered twice daily for 12 weeks. Assessments were performed on the day of the first dose and 1 day after the last dose at week 12. Follow-up assessments were performed 1 week after the last dose. The first dose could be administered up to 5 weeks after the screening visit if no appropriate sputum sample was collected at baseline; if a sputum sample was not collected at the revisit, the subject was withdrawn from study. Subjects were randomized (1:1) to receive one inhalation, twice daily, of either SFC 250 or placebo, via a Diskus ® inhaler (GlaxoSmithKline KK, Tokyo, Japan) for 12 weeks. Site staff randomized patients to treatment using the schedule generated by the validated GlaxoSmithKline Registration and Medication Ordering System. From study start to follow-up, only the short-acting anticholinergic drug oxitropium was allowed to be used alongside the study drug.
assessments Efficacy
Sample collection and assessments were performed twice during the study: at baseline and week 12. Induced sputum samples were obtained according to guidelines of the European Respiratory Society's Task Force, as previously described. 22 Neutrophil and other inflammatory cell counts were measured using a cytological specimen of induced sputum, by May-Grunwald Giemsa staining, in Osaka City University laboratory. IFN-gamma-positive cells and perforin-positive cells in induced sputum were stained using the ABC method and diaminobenzidene, and assessed via microscopy. IL-8 (enzyme-linked immunosorbent assay 23 and were used for independent purposes (ie, sputum was used as a biomarker for airway inflammation, while serum was used for systemic inflammation).
Health status was assessed using the COPD Assessment Test (CAT) questionnaire, validated for Japanese patients and completed prior to lung function testing. The number of participants who experienced COPD exacerbations during the treatment period was measured, and the occurrence of COPD exacerbations was assessed on each day of evaluation in accordance with the defined severity classifications. 7 
Safety
Adverse events (AEs) and serious AEs (SAEs) were monitored from the start of study treatment through to the follow-up visit.
Statistical methods
The sample size (n=30 per group) was based on a previous study of SFC in COPD. 11 A statistical determination of sample size was used to assess the clinical validity of the interpretation of the study results.
The primary end point (differential neutrophil count in induced sputum) was analyzed based on the change from baseline (week 0) to week 12. The percentage change from baseline in each subject was calculated and ranked. Ranked values were analyzed using the van Elteren extension to the Wilcoxon rank sum test; 24 smoking status was used as a stratification variable. The other biomarkers in sputum and serum were also assessed using the Wilcoxon rank sum test.
Postbronchodilator FEV 1 and FVC data were analyzed using analysis of covariance, with study center, age, sex, smoking status, and baseline values as covariates. For the CAT score, descriptive statistics were calculated for the observed data at each time point and the change from baseline; the two-sided 95% confidence interval (CI) of the mean change was estimated.
Analyses were performed on the per-protocol (PP) and intent-to-treat (ITT) populations ( Figure 1 ). The results from the PP population were of primary interest and are presented here; the ITT results supported the PP results and are not presented. Safety data were listed and summarized. Analysis was done primarily using SAS version 9.2 and also version 9.3 software.
Ad hoc analyses
Bootstrap statistical analysis was performed on the neutrophil and IL-8 data. Bootstrap statistics can supplement nonparametric statistical methods and involves randomly resampling a set of data (with replacement) multiple times (eg, 10,000 times) so that statistical conclusions can be drawn from the data collection. 25 Responder analysis was based on the definition of "responder" as having a 20% decrease in sputum neutrophils 26 and 200 pg/mL decrease in sputum IL-8. 27 The responder rate was displayed with 95% CI based on binomial probability.
Results

Subject demographics and disposition
Subject demographics and smoking history are summarized in Table 1 . The study population was similar across both treatment groups. In each group, 28 subjects were enrolled, of which 26 per group completed the study ( Figure 1 ). All subjects randomized to treatment received at least one dose of SFC 250.
Efficacy Inflammatory biomarkers in sputum and serum
Some sputum samples were contaminated with high numbers of squamous epithelial cells (SEC). This rendered them unacceptable for inclusion in the analyses. Therefore, the ad hoc analysis of inflammatory biomarkers in sputum are presented for the samples of acceptable quality only (n=19 for SFC 250; n=10 for placebo). Although this affects the statistical power of the study, it should be noted that the analyses performed including the contaminated sputum samples (ie, planned analysis of the PP population) supported those performed with their exclusion and did not affect the overall outcome.
Summary statistics for each visit (number of subjects and quartiles: 25% point, median, and 75% point) showed a numerical decrease in the differential neutrophil counts from baseline to week 12 ( in differential neutrophil count (9.95%) was observed from baseline following SFC 250 versus placebo. However, this was not significantly different (P=0.6269) ( Table 2) .
After 12 weeks, SFC 250 also did not produce any statistically significant differences in the change from baseline in sputum or serum biomarker levels compared with placebo (Table 3) . For IFN-gamma-positive cells and perforinpositive cells in sputum, and hs-CRP in sputum supernatant, no statistical analysis or summarization was performed, due to insufficient sample volume and quality.
Median percentage change in sputum neutrophils from baseline (estimated by the Bootstrap statistical method) showed a decrease of 27.9% (n=19) following SFC 250 versus 1.3% (n=10) with placebo, and the difference between the two groups was -26.6% (95% CI: -88.2, 37.0). In addition, sputum IL-8 showed a decrease of 43.2% (n=19) with SFC 250 versus an increase of 48.3% (n=10) with placebo; the difference between the two groups was -85.0% (95% CI: -557.8, 59.9) ( Table 4 ). Samples not contaminated with squamous cells. The ITT population comprised all subjects who had evaluable sputum samples at baseline and who received at least a single dose of trial medication. The PP population comprised all subjects in the ITT population who also had an evaluable sputum sample at end point and no major protocol violations. Abbreviations: AE, adverse event; COPD, chronic obstructive pulmonary disease; ITT, intent-to-treat; PP, per-protocol; SFC, salmeterol/fluticasone propionate. 
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The degree of sputum neutrophilia in COPD is associated with the annual rate of decline in lung function. A difference of 20% in sputum neutrophils was observed between slow and fast FEV 1 decline and is considered a clinically relevant change. 26 In the responder analysis at week 12, 42% (8/19) of subjects in the SFC 250 group showed a 20% change from baseline in sputum differential neutrophil count as compared with 10% (1/10) of subjects in the placebo group. Similarly, at week 12, 47% (9/19) of subjects in the SFC 250 showed a decrease from baseline in IL-8, of 200 pg/mL, compared with 20% (2/10) who showed a decrease following placebo.
Lung function
In the PP analysis (n=52), there was no significant difference between SFC 250 and placebo in the change from baseline in FEV 1 (P=0.5266) or FVC (P=0.7251) after 12 weeks (Table 5 ).
Other
For the PP analysis set (n=52), there was no significant difference in CAT scores between SFC 250 and placebo at week 12: the change from baseline in total score (95% CI) was -0.2 (-1.84, 1.54) and -0.5 (-2.30, 1.30) for SFC 250 and placebo, respectively. Two COPD exacerbations were reported by one subject in the placebo group, and both were reported as SAEs; no COPD exacerbations were reported in the SFC 250 group.
Safety
In the safety population analysis (n=56) during the treatment period, 14 (50%) subjects reported AEs following treatment with SFC 250 compared with 12 (43%) patients reporting AEs with placebo. Adverse drug reactions (ADRs) were reported in seven (25%) subjects in the SFC 250 group and no subjects in the placebo group; dysphonia (five [18%]) and oral candidiasis (two [7%]) were the most frequently reported. The remaining ADRs were each reported in 4% of subjects (oropharyngeal discomfort, pharyngitis, and stomatitis). One SAE was reported in the SFC 250 group (diabetes progression) and two in the placebo group (COPD exacerbations); no deaths were reported during the study.
Discussion
In the primary analysis, repeated dosing of SFC 250 over 12 weeks in Japanese COPD patients did not produce significant changes in sputum inflammatory cells, sputum and serum biomarkers, lung function, or health status compared with placebo. As expected, SFC was well-tolerated in this population, with no COPD exacerbations experienced in the SFC 250 group.
There are a number of possible explanations for the apparent lack of anti-inflammatory effect of SFC 250 in the primary analysis of this study. Due to SEC contamination of sputum samples, the number of acceptable samples for analysis and comparison was decreased. SEC contamination was seen at all three sites, although the degree of contamination varied. SEC contamination can adversely affect the reproducibility of sputum cell differential counts, although the impact of such contamination has not been studied in a controlled manner. 28 The extent of contamination can vary between subjects and between the different methods of processing samples (whole expectorate versus selected methods). In our study, however, the inclusion or exclusion of contaminated samples did not affect the overall outcome -the primary and secondary end points were not achieved even when the contaminated samples were included in the analysis. Studies in COPD have shown that sputum, bronchoalveolar lavage (BAL), and bronchial biopsies represent different lung compartments: 29, 30 sputum mainly originates from the large, central airways; BAL originates from the smaller bronchioles and alveoli; 30 while biopsy samples can contain cells from the large or smaller airways, depending on the site chosen. 19, 29 Previous studies using SFC 500 used a combination of sputum and biopsy samples to measure anti-inflammatory effects. 10, 11 However, it is difficult to obtain IRB approval for the use of bronchial biopsies for research purposes in Japan, so sputum induction was chosen for our study. Induced sputum provides a practical method that can be used in the clinic and is less invasive for the subject than biopsy. However, the lack of biopsy data meant that we could not compare our sputum data with earlier studies, nor explore the effects in more peripheral airways. Furthermore, sputum methodology may not always be reproducible, and previous sputum data relating to inflammatory markers in COPD have been controversial. 10 The conduct of sputum induction across multiple sites may have also caused further variability in the outcomes.
The available SFC 500 data vary with regard to changes in inflammatory markers and lung function. [10] [11] [12] Compared with placebo, SFC 500 had significant anti-inflammatory effects measured in biopsy tissue in COPD patients. 10, 11 However, it did not significantly reduce sputum levels of IL-8 or total cell counts, 10 BAL levels of neutrophils or eosinophils, 11 or serum CRP or IL-6 but did significantly decrease serum SP-D. 12 In two of the studies, lung function was significantly improved following SFC 500 compared with placebo, 10, 12 while in the third, neither lung function nor health status were significantly improved, 11 which concurs with our own observations. Stănescu et al showed increased levels of neutrophils in sputum were correlated with a rapid decline in FEV 1 over a 15-year follow-up period in smokers and ex-smokers. 26 The difference in percentage neutrophils between the fast and moderate decliners was 10%, while the difference between fast and slow decliners was 30%, therefore, 20% may be considered as a clinically relevant change in neutrophils. Our ad hoc responder analysis showed that almost half the subjects (42%) in the SFC 250 group reached a 20% threshold for change in differential neutrophil count compared with 10% in the placebo group, thus providing possible evidence of an anti-inflammatory effect. Similarly, sputum neutrophilia has been associated with increased levels of the chemoattractant IL-8, 18 and good correlation has been seen between sputum IL-8 and neutrophils. [31] [32] [33] At week 12, 47% of subjects in the SFC 250 group showed a change from baseline in IL-8 of 200 pg/mL compared with 20% following placebo, which is the threshold for IL-8 stimulation of human neutrophil chemotaxis. Therefore, 200 pg/mL may be considered a clinically relevant change. 27 Our study had some limitations, in addition to the use of sputum induction and the effect of SEC contamination, which may have influenced the outcome. We did not control 
809
Salmeterol/fluticasone propionate in Japanese COPD patients for the presence of potential bacterial colonization in the sputum, which may have affected the degree of neutrophilia and IL-8 concentrations. Although neutrophils play an important role in COPD, they may not be the ideal marker of anti-inflammatory effects of treatment. However, sputum neutrophils appear to be a good marker for evaluating COPD inflammation in the airways, although sputum samples can be difficult to collect and process. A 12-week treatment period was chosen to enable comparison with other studies 10, 11 but is a relatively short duration and may have limited the possibility of showing any change in FEV 1 or health status, especially with SFC containing the lower dose of FP (250 mcg). Our study may not have been sufficiently powered to show differences in lung function or health status, and so analysis of these parameters was performed on a preliminary basis. Studies using the rate of decline of FEV 1 or reduction of exacerbations as primary end points generally require longer treatment duration as well as larger sample sizes. 34 In our study, almost 50% of subjects were current smokers, but our study was not powered to explore the impact of smoking status on the outcomes. However, some data suggest that smoking status of subjects may modify the clinical effects of inhaled corticosteroid, indicating that they appear more effective in former than in current smokers. 10, 35 The final numbers in our study did not permit stratification based on smoking status. Other factors, such as disease history and treatment course, may also have affected the outcome. Despite the limitations, this was the first study of its kind to evaluate the possible anti-inflammatory effects of SFC 250 in a Japanese COPD population. As a result of low subject sample numbers, further ad hoc statistical analysis suggested that SFC 250 may reduce both sputum neutrophils and IL-8 in COPD.
Conclusion
On the basis of the primary PP analysis, SFC 250 did not produce significant changes from baseline in sputum neutrophil levels or other sputum or serum inflammatory markers compared with placebo, and there also was no corresponding change in lung function or health status. Secondary ad hoc statistical analysis showed that SFC 250 reduced the number of sputum neutrophils after 12 weeks, with almost 50% of patients showing a clinically relevant decrease of 20% and a decrease in levels of sputum IL-8 by a clinically relevant 200 pg/mL.
It is important to understand the underlying pathophysiology of COPD, particularly with respect to inflammation, in order to determine the utility of anti-inflammatory treatment and improve pharmacological therapy of COPD in the future. Our study has provided further information on this highly complex disease and the possible impact of treatment with SFC 250 in Japanese COPD patients. Additional work, including larger studies with longer treatment period, are now required.
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